Introduction {#S0001}
============

Multiple myeloma is an incurable hematologic malignancy characterized by the production of malignant plasma cells, leading to anemia, lytic bone lesions, renal dysfunction, and hypercalcemia. Multiple myeloma predominantly impacts older adults, with a median age at diagnosis of 70 years old, with approximately one-third of patients diagnosed when they are older than 75 years.[@CIT0001],[@CIT0002] Multiple myeloma comprises an estimated 12-15% of all hematologic malignancies, with an increasing incidence among older adults; the number of new myeloma cases in adults older than 65 years old is projected to double between 2010 and 2030.[@CIT0001]--[@CIT0003] Treatment advances during the last few decades have led to increases in overall survival.[@CIT0004] However, there is a notable difference in survival of multiple myeloma patients under the age of 65 years old compared to those over 75, and those over 75 experience the highest rates of disease-related mortality.[@CIT0004]--[@CIT0006] The survival differences are thought to be multifactorial, with medical comorbidities and functional status being important factors that impact treatment options and patient outcomes.[@CIT0005]

One of the primary initial treatment decisions in multiple myeloma is determining whether patients are candidates for high-dose chemotherapy followed by autologous stem cell transplantation (ASCT). ASCT is a mainstay of multiple myeloma treatment in those younger than 65 years old, as randomized trials show improved overall survival (OS) and progression-free survival (PFS) compared to standard therapy.[@CIT0007],[@CIT0008] Since patients older than 65 years were not included in the pivotal trials establishing ASCT in myeloma, the role for ASCT in older patients is not definitively known, although retrospective analyses have shown its successful use in select older adults.[@CIT0009] While age is not an absolute contraindication to ASCT, older adults may have aging-associated vulnerabilities, such as medical comorbidities, poor functional status, cognitive impairment, or lack of psychosocial support, with each potentially increasing the risks associated with ASCT and decreasing the likelihood of its use.[@CIT0010] Ultimately, the decision to perform ASCT in an older adult is determined by the transplanting center and physician. Patients over 65 years comprised fewer than 20% of those who underwent ASCT for multiple myeloma between 2006 and 2010,[@CIT0011] although the use of ASCT in older patients has been increasing over time. In 2017, 28% of ASCT were performed in older adults, with similar outcomes for patients who underwent ASCT at age 70 and older compared to those between the ages of 60--69.[@CIT0012] Despite the increasing use of ASCTs in older adults, they are still not being used in the majority of older multiple myeloma patients. In part that has to do with the median age at which patients are diagnosed with multiple myeloma.[@CIT0013] Given that most older patients with multiple myeloma do not undergo ASCT, other therapeutic options that are also associated with increased overall survival frequently become the focus of their treatment plan.

One such treatment option is lenalidomide, which is included in multiple regimens for both transplant-eligible and transplant-ineligible patients with multiple myeloma. Lenalidomide is an immunomodulatory drug (IMiD) that is a derivative of thalidomide. Thalidomide was first developed in the 1950s and was used to treat pregnancy-associated nausea. However, it was later found to cause significant congenital abnormalities and was denied FDA approval in the 1960s, and ultimately led the FDA to change its approval and monitoring practices. Further research on thalidomide found that it impacts the immune system and impairs angiogenesis, making it a promising treatment for malignancies. Thalidomide showed activity against multiple myeloma and was FDA approved for multiple myeloma in 2006.[@CIT0014] However, thalidomide has associated toxicities, including peripheral neuropathy, somnolence, and constipation.[@CIT0015] As a consequence, lenalidomide was developed as a less toxic, more potent IMiD. Lenalidomide's anti-myeloma effects are mediated through immunomodulation, anti-angiogenesis, and antineoplastic activity, which directly impact the myeloma cells as well as the microenvironment.[@CIT0015],[@CIT0016] Lenalidomide's significant activity in multiple myeloma has led to its incorporation into multiple treatment regimens, including several for older adults with multiple myeloma who do not undergo ASCT ([Figure 1](#F0001){ref-type="fig"}). As such, the primary focus of this review is on the trials ([Table 2](#T0002){ref-type="table"}) demonstrating the utility of lenalidomide in older multiple myeloma patients who are not candidates for ASCT.Figure 1Timeline of important lenalidomide trials in the treatment of older adults with multiple myeloma.

Lenalidomide and Melphalan-Based Regimens {#S0002}
=========================================

GIMEMA Melphalan, Prednisone, Lenalidomide (MPR): First-Line Lenalidomide in Older Adults (2007) {#S0002-S2001}
------------------------------------------------------------------------------------------------

The GIMEMA---Italian Multiple Myeloma Network performed one of the first trials to examine the use of lenalidomide in the first-line setting in older patients with multiple myeloma. They assessed the combination of melphalan, prednisone, and lenalidomide in a Phase I/II dose-finding, comparative, open-label study. All patients were over 65 years old or ineligible for high-intensity treatment. Ultimately, 54 patients enrolled, with a median age of 71. Melphalan was dosed between 0.18 and 0.25 mg/kg on days 1--4, prednisone 2 mg/kg on days 1--4, and lenalidomide 5--10 mg daily on days 1--21 out of a 28-day cycle for a total of 9 cycles. After completion of 9 cycles, participants were treated with lenalidomide maintenance alone. The study found a maximum-tolerated dose of melphalan 0.18 mg/kg and lenalidomide 10 mg, with 23.8% participants achieving complete response (CR) and 47.6% achieving a very good partial response (VGPR). The overall survival (OS) at one-year was 100% in all participants. Grade 3 toxicities included cytopenias, febrile neutropenia, and thromboembolism. This study showed the promise of using lenalidomide in the first-line setting for older patients with multiple myeloma and set the precedent for future trials.[@CIT0017]

Multiple Myeloma 015 (MM-015) (2012) {#S0002-S2002}
------------------------------------

While research continued evaluating the role of lenalidomide in the first-line setting for transplant-ineligible patients, lenalidomide was also showing improved PFS and time to progression as maintenance therapy after ASCT compared to placebo.[@CIT0018],[@CIT0019] Similarly, MM-015 sought to evaluate the role for post-induction maintenance lenalidomide in those who were ineligible for ASCT. MM-015 was a Phase 3, randomized, double-blind, placebo-controlled trial for patients age 65 or older with a new diagnosis of multiple myeloma with three arms: melphalan, prednisone, and lenalidomide induction followed by lenalidomide maintenance (MPR-R); melphalan, prednisone, and lenalidomide (MPR) induction followed by placebo; melphalan and prednisone (MP) induction with placebo during both induction and maintenance periods. All treatment arms used the same dosing of melphalan and prednisone during induction, and MPR-R and MPR also included lenalidomide 10 mg on days 1--21 in a 28-day cycle for a total of 9 cycles. The MPR-R lenalidomide maintenance consisted of 10 mg daily on days 1--21 until disease progression or intolerable adverse effects. A total of 459 patients were randomized to each arm with a median age of 71. The arms were not well balanced for performance status as measured by Karnofsky Performance Status (KPS), with high average KPS in the MP group (90%) compared to a KPS of 80% in the MPR-R and MPR arms (P=0.03). Of note, either the KPS or the Eastern Cooperative Oncology Group (ECOG) scoring system is used to describe the performance status of oncology patients, with KPS scores ranging from 0 (dead) to 100 (fully functional) and ECOG scores from 5 (dead) to 0 (fully functional). Overall, MPR-R was found to have significantly longer PFS (31 months) compared to MPR (14 months; HR 0.49; P\< 0.001) or MP (13 months; HR 0.4; P\< 0.001). MPR-R showed particular benefit in those between the ages 65--75, as they had significantly longer PFS (31 months) than MPR (15 months; HR 0.48; P\< 0.001) or MP (12 months; HR 0.3; P\< 0.001). However, in those older than age 75, the MPR-R PFS advantage was not nearly as striking; MPR-R had a PFS of 19 months compared to 12 months with MPR and 15 months with MP. PFS was associated with lenalidomide maintenance in all age groups in a landmark analysis, which showed lenalidomide maintenance reduced disease progression by 66% compared to placebo (MPR-R vs MPR HR 0.34; P \<0.001). There was no significant difference in OS. Toxicities included cytopenias, which frequently occurred during induction in the MPR-R and MPR arms. Drug discontinuation due to adverse events occurred across all study arms, although more so in MPR-R (16%) and MPR (14%) than MP (5%). At three years, there was an increased risk of second malignancies in the MPR-R and MPR arms (each 7%) compared to the MP arm (3%).[@CIT0020] Ultimately, given the improvement in PFS in older patients ineligible for ASCT, the MM-015 study helped establish the role of maintenance lenalidomide that was replicated in later trials.

E1A06 ECOG Trial: MPT-T versus mPR-R (2015) {#S0002-S2003}
-------------------------------------------

The E1A06 study sought to study the combination of lenalidomide with prednisone and low-dose melphalan (mPR) versus MPT using a non-inferiority design in older adults with new diagnoses of multiple myeloma. This was a phase 3 randomized controlled trial (RCT) for patients 65 or older or patients otherwise ineligible for ASCT, who were randomized to MPT-T or mPR-R. A total of 306 participants were randomized with the median age of approximately 76 years old (75.8 in MPT-T; 76.6 in mPR-R) with most having an ECOG of 0--1 (81.2% in MPT-T; 80.9% in mPR-R). At a median follow-up of 40.7 months, PFS on MPT-T was 21 months and mPR-R was 18.7 months (HR 0.84, 95% CI 0.64--1.09; P= 0.186). Incorporating age, in those younger than 75, the PFS for MPT-T was 25.6 months versus 21.6 months for mPR-R. For those 75 or older, PFS for MPT-T was 18.9 months versus 16.6 months for mPR-R. The OS for MPT-T was 52.6 months and mPR-R was 47.7 months (P= 0.476). More grade 3 toxicities were seen with MPT-T (59.5%) compared to mPR-R (40%). Quality-of-life measures favored mPR-R over MPT-T. Overall, mPR-R was found to have statistically similar response rates, PFS, and OS to MPT-T with lower rates of toxicity and better quality-of-life, establishing mPR-R as a treatment option for older patients with new diagnoses of multiple myeloma.[@CIT0021]

MPT-T versus MPR-R (2016) {#S0002-S2004}
-------------------------

Similar to E1A06, this trial performed by Zweegman et al evaluated whether using lenalidomide in place of thalidomide in the MPT regimen improved outcomes for older adults with newly diagnosed multiple myeloma who are ineligible for ASCT. This was an open-label, phase 3 RCT with two arms: MPT-T and MPR-R. A total of 668 participants were randomized to one of the two arms, with each having similar median ages (72 for MPT-T and 73 for MPR-R) and most with WHO performance status of 0--2 (95% MPT-T; 85% for MPR-R). Both arms achieved similar PFS: 20 months with MPT-T and 23 months with MPR-R (HR 0.87, 95% CI 0.72--1.04; P= 0.12) at a median follow-up of 36 months. There was no significant difference in OS between the two arms at two, three, and four years; OS for MPT-T was 73%, 64%, and 52% versus OS for MPR-R was 84%, 69%, and 56%, respectively (HR 0.82, 95% CI 0.64--1.06; P= 0.13). Each arm experienced significant grade 3--4 toxicity (81% in MPT-T vs 86% in MPR-R; P= 0.13). Expectedly, MPT-T had more neuropathy than MPR-R (16% vs 2%; P\< 0.001); this led to participants discontinuing treatment early, resulting in a significantly shorter duration of maintenance in the MPT-T arm (5 months) compared to MPR-R (17 months). Toxicity in MPR-R was notable for more neutropenia (64%) than MPT-T (27%) (P\< 0.001). Both arms had similar rates of infections (19% in MPR-R vs 21% in MPT-T; P= 0.69) and VTE (8% in both arms). This study demonstrated that MPR-R is similar to MPT-T regarding PFS and OS, but MPT-T was associated with clinically significant peripheral neuropathy that inhibited the completion of maintenance therapy.[@CIT0022] This study and E1A06 helped establish lenalidomide as having similar efficacy but less toxicity than thalidomide.

Lenalidomide and Dexamethasone-Based Regimens {#S0003}
=============================================

Southwest Oncology Group (SWOG) S0232 (2010) {#S0003-S2001}
--------------------------------------------

SWOG study, S0232, was a phase 3 RCT that examined the use of lenalidomide and dexamethasone compared to placebo and dexamethasone in newly diagnosed multiple myeloma patients who were ineligible for ASCT. In total 198 participants enrolled, with 85% having an ECOG of 0--1. Approximately 50% of total participants were older than 65 years old, with 48 (49%) in the lenalidomide and dexamethasone arm and 45 (47%) in the placebo and dexamethasone arm. Induction included three cycles of lenalidomide 25 mg daily for 28 days or placebo with dexamethasone 40 mg daily on days 1--4, 9--12, and 17--20. The maintenance phase included lenalidomide 25 mg daily for 21 days or placebo and dexamethasone 40 mg daily on days 1--4 and 15--18. Cross-over to the lenalidomide and dexamethasone arm was allowed due to disease progression.[@CIT0023] Ultimately, the data and safety monitoring committee closed the study early due to inferior efficacy in the placebo and dexamethasone arm and the preliminary results from E4A03 ECOG, which showed similar efficacy with less toxicity of low-dose compared to high-dose dexamethasone.[@CIT0023],[@CIT0024] Final analysis of S0232 revealed lenalidomide and dexamethasone were superior to placebo and dexamethasone for progression-free survival (PFS) (78% vs 52%; P= 0.002), overall response rate (ORR) (78% vs 48%; P \<0.001), and VGPR (63% vs 16%; P \<0.001), while the two arms had similar OS at one-year (94% vs 88%; P= 0.25). Grade 3 or 4 adverse events were more frequent in the lenalidomide and dexamethasone arm, in particular for neutropenia (21% vs 5%; P \<0.001) and venous thromboembolism (VTE) (23.5% vs 5%; P \<0.001). Three-year follow-up showed continued improved PFS in the lenalidomide and dexamethasone arm compared to placebo and dexamethasone arm (52% vs 32%) but no difference in OS.[@CIT0023] It is unclear if older adults fared differently than those under 65 years old, as the results were not stratified by age.

E4A03 Eastern Cooperative Oncology Group (ECOG) Trial: High- versus Low-Dose Dexamethasone (2010) {#S0003-S2002}
-------------------------------------------------------------------------------------------------

Due to concerns over high-dose dexamethasone and its associated toxicity, the E4A03 study evaluated the role of high- versus low-dose dexamethasone in combination with lenalidomide to determine if similar efficacy could be achieved with less toxicity. This was an open-label, non-inferiority trial in which patients were randomly assigned to high-dose dexamethasone and lenalidomide versus low-dose dexamethasone and lenalidomide. Lenalidomide dosing was 25 mg daily on days 1--21 out of a 28-day cycle in both arms, with the high-dose arm using dexamethasone 40 mg daily on days 1--4, 9--12, and 17--20, and the low-dose arm using dexamethasone 40 mg on days 1, 8, 15, and 22. The response rate after four cycles was the primary endpoint. A total of 445 patients were randomized to high-dose dexamethasone versus low-dose dexamethasone, with similar patient characteristics in median age (66 versus 65, respectively) and ECOG (0--1 in 91% of participants in each arm). Patients were able to later undergo ASCT or continue therapy at the discretion of the investigator. The overall response rate (complete response + partial response) after four cycles was better in the high-dose dexamethasone compared to the low-dose arm (79% vs 68%, respectively). However, over the first four cycles, the high-dose arm had significantly greater toxicity, including VTE (26% vs 12%; P= 0.0003) and pneumonia (16% vs 9%; P= 0.04), and more deaths (n=12 vs n=1; P= 0.003). At one year, the OS was better for the low-dose dexamethasone arm (96%) compared to the high-dose arm (87%) (P= 0.0002). The study was stopped, and high-dose dexamethasone participants crossed-over to the low-dose arm. Of note, while not an initial study endpoint, there were differences in OS depending on age. One-year OS for high-dose versus low-dose dexamethasone in those under age 65 was 91% versus 98%, respectively; in those over age 65, the one-year OS on high-dose versus low-dose was 83% versus 94%.[@CIT0024] The E4A03 trial was pivotal for showing while high-dose dexamethasone achieved improved response rates, it did not translate into improved OS and was particularly toxic in older adults.

FIRST Trial (2014) {#S0003-S2003}
------------------

Although lenalidomide was gaining traction in the treatment of older adults with multiple myeloma at this time, the regimen of melphalan, prednisone, and thalidomide (MPT) was still the standard of care for transplant-ineligible patients until the FIRST trial. The FIRST trial evaluated lenalidomide and dexamethasone (Rd) versus MPT in patients 65 and older or were otherwise ineligible for ASCT. This was a phase 3, open-label RCT with three arms: Rd continuing until progression, Rd for 72 weeks (18 cycles), and MPT for 72 weeks (12 cycles). For the Rd arms, lenalidomide was administered 25 mg daily on days 1--21 and dexamethasone 40 mg (≤75 years old) or 20 mg (\>75 years old) was administered on days 1, 8, 15, and 22 out of a 28-day cycle. For the MPT arm, melphalan 0.25 mg/kg (≤75 years old) or 0.20 mg/kg (\>75 years old) was given on days 1--4, prednisone 2 mg/kg on days 1--4, and thalidomide 200 mg daily (≤75 years old) or 100 mg daily (\>75 years old) was given in 42-day cycles. A total of 1623 patients were randomized, with 535 in the continuous Rd arm, 541 in the 18-cycle Rd arm, and 547 in the MPT arm. The median age in the 3 arms was 73 years old, with approximately 35% in each arm over 75 years old; nearly all participants had an ECOG of 0--2. The PFS of continuous Rd (25.5 months) was significantly better than 18-cycles of Rd (20.7 months; HR 0.7 for risk of progression or death; P \< 0.001) and MPT (21.2 months; HR 0.72; P\< 0.001). The interim OS analysis for each arm found the OS for continuous Rd was 70% (3 years) and 59% (4 years); OS for 18-cycles Rd was 66% (3 years) and 56% (4 years); OS for MPT was 62% (3 years) and 51% (4 years). There was no significant difference in the OS for each arm (P\< 0.0096; did not meet pre-specified barrier for significance); however, continuous Rd reduced the risk of death when compared to MPT (HR 0.78; P= 0.02). Each arm had similar rates of grade 3--4 toxicity: 85% in continuous Rd, 80% in 18-cycle Rd, and 89% in MPT. The MPT arm had higher rates of neutropenia (45%) compared to the Rd arms (28% for continuous, 26% for 18-cycles) but the Rd arms had more frequent infections (29% for continuous, 22% for 18-cycles) than MPT (17%). Second primary cancers were noted in each arm, with 3% in continuous Rd, 5% in 18-cycles Rd, and 6% in MPT, with hematologic malignancies being more common in MPT.[@CIT0025] The final analysis of the FIRST trial at a median follow-up of 5.6 years revealed that OS was significantly longer with continuous Rd (59.1 months) compared to MPT (49.1 months) (HR 0.78; 95% CI 0.67--0.92; P= 0.0023), and OS was similar between continuous Rd and 18-cycles of Rd (62.3 months) (HR 1.02; 95% CI 0.86--1.2).[@CIT0026] The FIRST trial set the standard of Rd as a first-line treatment option for older adults.

Triplet vs Doublet Lenalidomide-Regimens (2016) {#S0003-S2004}
-----------------------------------------------

Expanding upon the work in the FIRST trial, Margarotto et al analyzed the PFS of lenalidomide containing three-drug regimens (triplet) versus two-drug regimens (doublet) for older adults with new diagnoses of multiple myeloma who were ineligible for ASCT. This was a phase 3 RCT with three arms: cyclophosphamide, prednisone, and lenalidomide (CPR); melphalan, prednisone, and lenalidomide (MPR); lenalidomide and dexamethasone (Rd). The induction phase included 28-day cycles for 9 cycles with MPR using melphalan 0.18 mg/kg daily for 4 days or 0.13 mg/kg daily (in those older than 75) on days 1--4, prednisone 1.5 mg/kg daily on days 1--4, and lenalidomide 10 mg daily on days 1--21. Initially, CPR patients received the same dose of lenalidomide, cyclophosphamide 50 mg PO every other day for 28 days (or 21 days if over age 75), and prednisone 25 mg every other day; this was later adjusted for those between ages 65--75 to lenalidomide 25 mg daily and cyclophosphamide 50 mg daily for 21 days. The Rd arm was treated with lenalidomide 25 mg daily on days 1--21 and dexamethasone 40 mg on days 1, 8, 15, and 22 (or 20 mg in those older than age 75). The maintenance phase included lenalidomide 10 mg on days 1--21 or with prednisone 25 mg every other day continuously. A total of 654 participants were randomized with a median age of 73 in the CPR and Rd arms and 74 in the MPR arm; approximately 25% in each arm had their fitness described as frail. There was no significant difference in PFS between triplet (22 months) and doublet (21 months) regimens (P= 0.284) at a median follow-up of 39 months. The four-year OS was also not significantly different, with triplet OS of 67% and doublet OS of 58% (P= 0.709). The only significant difference in toxicity was a higher rate of neutropenia in the MPR arm (64%) compared to CPR (29%) and Rd (25%) (P\< 0.001). A post hoc analysis found a PFS advantage with MPR in fit patients versus Rd (HR 0.671, P= 0.037) and CPR, which was not appreciated in intermediate or frail patients. Overall, outcomes with Rd were similar to the triplet regimens in older patients with multiple myeloma, expanding upon the findings of the FIRST trial.[@CIT0027]

Rd-R versus Rd in Intermediate-Fit Patients (2018) {#S0003-S2005}
--------------------------------------------------

In order to better capture a "real world" patient population, a phase 3 RCT, RV-MM-PI-0752, evaluated the impact of dose-adjusted multiple myeloma directed therapy in newly diagnosed older adults who were intermediate-fit by the International Myeloma Working Group (IMWG) Frailty score. This data was presented at the American Society of Hematology in 2018 and is awaiting final publication. Patients were randomized to one of two arms: Rd-R or continuous Rd. The Rd-R arm included a total of nine 28-day cycles of lenalidomide 25 mg/day for 21 days and dexamethasone 20 mg on days 1, 8, 15, 22, followed by lenalidomide maintenance 10 mg/day for 21 days. The continuous Rd arm included lenalidomide 25 mg/day for 21 days and dexamethasone 20 mg on days 1, 8, 15, 22. Treatment continued in both arms until disease progression, and the primary endpoint was EFS. Nearly 200 patients were enrolled, with 98 in the Rd-R arm and 101 in the continuous Rd arm. Patient characteristics were well balanced between arms, with a median age of 75 (range 73--77) in Rd-R and 76 (range 74--79) in continuous Rd (P=0.06), and a similar distribution of intermediate-fit for age (≥76) patients, with 47% in Rd-R vs 57% in continuous Rd. An impairment in Charlson Index, ADL or IADL was seen in 53% versus 43% of patients, respectively. At a median follow-up of 25 months, EFS was 9.3 versus 6.6 months in Rd-R versus continuous Rd (HR 0.72, 95% CI 0.52--0.99, P=0.04). There were no significant differences in PFS (18.3 versus 15.5 months) or OS (85% versus 81%) at 18 months. Adverse events, including neutropenia, infections, and dermatologic reactions, were less frequent in Rd-R than continuous Rd (30 versus 39%), although the difference was not significant. Dose reductions in lenalidomide after 9 cycles (1% versus 21%, P=0.06) and dexamethasone (17% versus 29%, P=0.06) were needed less often in Rd-R than continuous Rd.[@CIT0028] This trial shows that an adjusted schedule of Rd-R is feasible in intermediate-fit, older adults with multiple myeloma, and is one of the first trials to incorporate the IMWG Frailty score in a prospective manner.

Lenalidomide and Dexamethasone in Relapsed/Refractory Disease {#S0004}
=============================================================

While we recognize that these studies may not be as relevant to those who receive lenalidomide in upfront therapy, older patients with relapsed/refractory disease may still be exposed to lenalidomide. This may be particularly true in Europe and the United Kingdom, where practice patterns may differ in part due to medication cost and the later timing of approval for the use of lenalidomide in the first-line setting (2015 by the European Medicines Agency; 2019 by the National Institute for Health and Care Excellence).[@CIT0029]--[@CIT0031]

RevLite (2017) {#S0004-S2001}
--------------

Due to concern about treatment-related toxicities, the RevLite study evaluated the impact of starting lower-dose lenalidomide and lower-dose dexamethasone in older patients with multiple myeloma in the relapsed/refractory setting. This was a single-arm, Phase 2 trial to assess the tolerability and efficacy of lower-dose lenalidomide and dexamethasone (rd). The treatment included lenalidomide 15 mg daily on days 1--21 and dexamethasone 20 mg on days 1--4, 9--12, and 17--20 of a 28-day cycle over the first four cycles, and then dexamethasone 20 mg on days 1--4 only starting with cycle 5. Treatment continued until disease progression or intolerable adverse effects. The median age of the 149 participants was 69 (70.5% were 65 years old or older). A matched cohort of participants from the MM-009 and MM-010 studies who were treated with lenalidomide 25 mg and dexamethasone 40 mg (RD) were used as comparison. They found there was no difference in PFS or OS with the matched cohort: PFS was 8.9 months in rd versus 11 months in RD (P= 0.336), and the OS for rd was 30.5 months compared to 34.8 months for RD (P= 0.21). Grade 3--4 toxicities were less common in rd compared to RD, including rates of infection (23% vs 31%), VTE (3% vs 13%) and neutropenia (29% vs 41%).[@CIT0032] While the lack of an RCT design makes it challenging to draw definitive conclusions, this study suggests that there may be a role for reduced dose lenalidomide and dexamethasone in older patients with medical comorbidities.

Real-World Lenalidomide Dosing (2017) {#S0004-S2002}
-------------------------------------

While reductions in lenalidomide dosing have been described in clinical trials, little was known about the real-world experience of lenalidomide dosing in older adults with relapsed multiple myeloma until a study by Nakaya et al. This was a retrospective cohort study that analyzed patients age 65 or older who were treated with lenalidomide in the relapsed setting between January 2011 and December 2015. During the study period, 56 patients were treated with lenalidomide on days 1--21 and dexamethasone (20 mg or 40 mg) on days 1, 8, 15 and 22. They found most patients were started and continued a lenalidomide dose below the recommended dose of 25 mg daily. The most common starting doses per day were lenalidomide 10 mg (45%), 5 mg (21%), 15 mg (20%), 25 mg (10%), and 20 mg (4%). The most frequent continued treatment doses per day were 10 mg (46%), 5 mg (25%), 15 mg (16%), 25 mg (9%), and 20 mg (4%). The overall median time to progression was 11.8 months, and there was no significant difference between those treated with lower or higher dose lenalidomide; median time to progression was 14.5 months with lenalidomide 5--10 mg daily, and the median was 8.9 months for those treated with \>10 mg daily (P= 0.466). Median OS for the cohort was 39.2 months, and again there was no significant difference between the lower and higher dose lenalidomide; median OS on lenalidomide 5--10 mg daily was 38.9 months, and median OS on \>10 mg lenalidomide was not reached (P= 0.275). Response rates were reasonable, with the ORR of 73% with 36% achieving a VGPR or better. The primary reasons for dose limitations included renal dysfunction (54%), ≥grade 3 fatigue (20%), ≥grade 3 hematologic disorder (14%), and ≥grade 3 rash (14%). As high as 16% of patients developed a second malignancy during treatment.[@CIT0033] This single-institution, retrospective study indicates that many patients have challenges tolerating the recommended doses of lenalidomide outside of a clinical trial setting, and outcomes for lower dose lenalidomide were similar to higher dose lenalidomide in this limited cohort.

Lenalidomide and Bortezomib-Based Regimens {#S0005}
==========================================

SWOG S0777 (2017) {#S0005-S2001}
-----------------

SWOG S0777 evaluated whether the standard treatment for newly diagnosed multiple myeloma patients not immediately undergoing ASCT (Rd) could be improved by adding bortezomib. This was an open-label, phase 3 RCT with two arms: bortezomib plus Rd (VRd) and Rd alone. VRd induction included bortezomib 1.3 mg/m^2^ on days 1, 4, 8 and 11, lenalidomide 25 mg on days 1--14, and dexamethasone 20 mg on days 1--2, 4--5, 8--9, 11--12, given in 21-day cycles for a total of 8 cycles. Rd induction included lenalidomide 25 mg daily on days 1--21 and dexamethasone 40 mg on days 1, 8, 15, and 22 in 28-day cycles for a total of 6 cycles. Both arms received the same maintenance regimen of lenalidomide 25 mg daily on days 1--21 and dexamethasone 40 mg on days 1, 8, 15, and 22. A total of 525 patients were randomized, with a median age of 63 in each arm; 43% of all participants were age 65 or older, with 38% in the VRd arm and 48% in the Rd arm. The primary endpoint of PFS was significantly improved in the VRd arm (43 months) compared to the Rd arm (30 months) (HR 0.712, 96% CI 0.56--0.906; P= 0.0018). Median OS was also significantly better for the VRd arm (75 months) than the Rd arm (64 months) (HR 0.709, 95% CI 0.524--0.959; P= 0.025). Each arm experienced a similar number of grade 3--4 toxicities, including similar rates of cytopenias, infections, and vascular problems. The primary grade 3 toxicity was peripheral neuropathy, which was significantly worse with VRd than Rd (33% vs 11%; P\<0.0001).[@CIT0034] S0777 supported adding bortezomib to upfront treatment in those patients not immediately undergoing ASCT, although it should be noted that it was not performed exclusively in an older patient population.

RVD-Lite (2018) {#S0005-S2002}
---------------

Building off of the SWOG S0777 and RevLite studies, RVD-lite was a single-arm, phase 2 study designed to evaluate the efficacy of reduced dose RVD in older patients with multiple myeloma who were ineligible for ASCT. Induction included lenalidomide 15 mg daily on days 1--21, bortezomib 1.3 mg/m^2^ on days 1, 8, 15, and 22, and dexamethasone 20 mg on days 1--2, 8--9, 15--16, 22--23 (in patients 65--76 years old) and on days 1, 8, 15, 22 (for patients older than 75) in 35-day cycles for a total of 9-cycles. Consolidation included lenalidomide 15 mg daily on days 1--21 and bortezomib 1.3 mg/m^2^ on days 1 and 15 in 28-day cycles for a total of 6 cycles. A total of 50 participants were enrolled with a median age of 73 at the time of diagnosis, and most had an ECOG 0--1 (86%). The ORR after 4 cycles was 86%, with 66% of participants achieving a VGPR or better. Median follow-up was 30 months, at which time the median PFS was 35.1 months (95% CI: 30.9 -- not reached) and median OS was not reached. As high as 78% of patients required dose adjustments, including dexamethasone (64%), lenalidomide (54%), and bortezomib (38%). Peripheral neuropathy of any grade was seen in 62% of patients and was mostly grade 1--2 (n=25) with 1 patient developing grade 3 peripheral neuropathy. The most frequent grade 3--4 toxicities included hypophosphatemia (34%), fatigue (16%), neutropenia (14%), and rash (10%). Quality-of-life metrics showed improvements in physical functioning (P= 0.013) and disease symptoms (P= 0.001) but no significant difference in global functioning at the end of treatment compared to baseline. The results of RVD-lite suggest that reduced-dose RVD is effective with low levels of toxicity, leading to stable or improved quality-of-life.[@CIT0035] Given the lack of an RCT design, the interpretation of the results should be interpreted with caution, but RVD-lite provides support to using reduced-dosing RVD in select older patients.

Lenalidomide and Daratumumab-Based Regimens {#S0006}
===========================================

MAIA Trial (2019) {#S0006-S2001}
-----------------

The MAIA trial was the first to incorporate a monoclonal antibody, daratumumab, into first-line treatment for older patients with multiple myeloma who are ineligible for ASCT. The objective of the MAIA trial was to evaluate the safety and efficacy of adding daratumumab to Rd (Dara-Rd) in comparison to Rd alone. This was an open-label, phase 3 RCT with two arms, with Rd serving as the control for the Dara-Rd arm. Each arm was treated with lenalidomide 25 mg daily on days 1--21 and dexamethasone 40 mg (or 20 mg if over age 75) on days 1, 8, 15, and 22 until disease progression or intolerable adverse effects. The Dara-Rd arm was also treated with daratumumab 16 mg/kg once per week during cycles 1--2, every 2 weeks during cycles 3--6, and then every 4 weeks indefinitely. A total of 737 patients were randomized to one of the two arms, with each arm having a similar median age (73 for the daratumumab arm, 74 for Rd alone) with almost half of all patients 75 years or older (43.5% in the daratumumab arm, 43.6% in the Rd alone arm). Most patients had an ECOG performance status of 0--1, with 17.1% having an ECOG of 2 or higher in the Dara-Rd and 16% in the Rd alone arm. At median follow-up of 28 months, PFS in the Dara-Rd (endpoint not reached) was longer than the Rd alone arm (31.9 months) (for disease progression or death, HR 0.56, 95% CI 0.43--0.73; P\<0.001). Median OS was not reached in either arm, although at the time of analysis, 16.8% of patients in the Dara-Rd arm died versus 20.6% in the Rd alone group. Compared to the Rd alone arm, more patients in the Dara-Rd arm achieved a CR (47.6% vs 24.9%; P\<0.001), VGPR (53.1% vs 79.3%; P\< 0.001) and achieved negative minimal residual disease (7.3% vs 24.2%; P\<0.001). Both arms had similar serious adverse events (62.9% with Dara-Rd vs 62.7% with Rd), as well as similar death rates from adverse events (6.9% with Dara-Rd vs 6.3% with Rd). Grade 3 or 4 toxicities were notable for neutropenia (50% with Dara-Rd vs 35.3% with Rd), anemia (11.8% vs 19.7%), and infections (32.1% vs 23.3%), including pneumonia (13.7% vs 7.9%). Overall the combination of Dara-Rd was found to have improved PFS and response rate but was also notable for a higher incidence of infections and neutropenia.[@CIT0036] The superiority of the daratumumab-lenalidomide and dexamethasone combination led to the approval of this regimen in the United States in 2019.

CEPHEUS: Ongoing Trial Using Daratumumab in Older Adults {#S0006-S2002}
--------------------------------------------------------

An ongoing trial, CEPHEUS (NCT03652064) is also evaluating the role of daratumumab in the first-line setting in older patients with newly diagnosed multiple myeloma. CEPHEUS is a phase 3 RCT evaluating D-VRd versus VRd in patients who are not being considered for transplant as initial therapy, with patient stratification including those age \<70 and transplant-ineligible, age \<70 and refused transplant, or age ≥70. All patients will be treated with eight 21-day cycles of VRd, followed by 28-day cycles of Rd. Patients randomized to the D-VRd arm will also be given weekly daratumumab in Cycles 1--2, every 3 weeks in Cycles 3--8, and every 4 weeks starting in cycle 9 until disease progression. The primary endpoint is the rate of minimal residual disease by next-generation sequencing.[@CIT0037] The CEPHEUS trial is anticipated to provide valuable information about the safety and efficacy of D-VRd in older adults who are newly diagnosed with multiple myeloma.

Toxicities {#S0007}
==========

The use of lenalidomide in multiple myeloma has led to improvements in PFS and OS, but it is also associated with known toxicities as described in clinical trials. The following lenalidomide-associated toxicities are the most notable in older patients with multiple myeloma.

Venous Thromboembolism (VTE) {#S0007-S2001}
----------------------------

The development of VTE in multiple myeloma patients on lenalidomide was first noted in early trials. In MM-010, which evaluated the use of lenalidomide and dexamethasone versus dexamethasone alone in relapsed/refractory multiple myeloma, lenalidomide was associated with higher rates of deep venous thrombosis (4% vs 3.5%) and pulmonary embolism (4.5% vs 1.2%) than placebo.[@CIT0038] Interim multivariate analysis of MM-010 and another identical trial showed an increase in VTE with lenalidomide plus high-dose dexamethasone (OR 3.51, 95% CI 1.77--6.97), which was also appreciated with concurrent erythropoietin administration (OR 3.21, 95% CI 1.72--6.01). In those same trials, patients who were concurrently treated with salicylates did not develop VTE.[@CIT0039] The E4A03 trial also found a higher incidence of VTE in patients treated with lenalidomide plus high-dose dexamethasone compared to lenalidomide plus low-dose dexamethasone.[@CIT0024],[@CIT0040] The National Comprehensive Cancer Network (NCCN) guidelines recommend using VTE prophylaxis with aspirin 81 mg or 325 mg for all patients on IMiDs, with anticoagulation recommended for high-risk patients.[@CIT0041] Given the known association between lenalidomide and VTE, risk assessment models have recently been developed and validated to predict the risk of VTE in patients with multiple myeloma. One such model is the IMPEDE VTE score, which predicts the risk of VTE development in patients with new diagnoses of multiple myeloma based on criteria listed in [Table 1](#T0001){ref-type="table"}. The criteria were derived from a retrospective analysis of patients from the Veterans Administration Central Cancer Registry and externally validated using patients in the Surveillance, Epidemiology, End Results-Medicare database. As the IMPEDE VTE score increased, there was a corresponding increase in the rate of VTE (HR 1.20 per point, P \<0.0001). Those with an IMPEDE VTE score ≥8 had a cumulative VTE rate of 15% at 6 months.[@CIT0042] A retrospective cohort analysis also recently externally validated the IMPEDE VTE score and used the total score to stratify patients into three distinct groups: low-risk (score \<3), intermediate-risk (score 3--6), and high-risk (score \>6).[@CIT0043] Such a risk score may help identify older patients with multiple myeloma at risk for VTE development before starting treatment.Table 1IMPEDE VTE: A Risk Model for VTE Development in Patients with Multiple Myeloma**VariableScore**Immunomodulatory drug+4Body Mass Index ≥25 kg/m^2^+1Pelvic, hip, or femur fracture+4Erythropoiesis-stimulating agent+1Doxorubicin+3Dexamethasone Dose High-Dose+4 Low-Dose+2Ethnicity/Race = Asian/Pacific Islander−3History of VTE before MM+5Tunneled line/central venous catheter+2Existing thromboprophylaxis: therapeutic LWMH or warfarin−4Existing thromboprophylaxis: prophylactic LWMH or warfarin−3[^1] Table 2Summary of Pivotal Trials Including Lenalidomide for Older Adults with Multiple Myeloma Who are Ineligible for High-Dose Therapy and Autologous Stem Cell TransplantTrial (Year)Trial PhaseOlder Adults\
OnlyAge, MedianHigh ECOG (0--1) or KPS (90--100)RegimenPFSOSGrade 3--4 ToxicitiesLenalidomide and Melphalan-Based RegimensGIMEMA MPR\
*(*2007*)*I/IIYes7143%Induction: Melphalan, Prednisone, Lenalidomide\
Maintenance: LenalidomideN/A100%Cytopenias; febrile neutropenia; VTEMM-015\
(2012)IIIYes71Arms 1/2: 80\
Arm 3: 90\
\*Median KPSArm 1: MPR-R\
Arm 2: MPR\
Arm 3: MPArm 1: 31 mo\
Arm 2: 14 mo\
Arm 3: 13 moArm 1: 70%\
Arm 2: 62%\
Arm 3: 66%Cytopenias; infections; VTEE1A06 ECOG\
(2015)IIIYesArm 1: 75.8\
Arm 2: 76.6Arm 1: 81.2%\
Arm 2: 80.9%Arm 1: MPT-T\
Arm 2: mPR-RArm 1: 21 mo\
Arm 2: 18.7 moArm 1: 52.6 mo\
Arm 2: 47.7 moCytopenias; VTEMPT-T versus MPR-R (2016)IIIYesArm 1: 72\
Arm 2: 73Arm 1: 81%\
Arm 2: 82%Arm 1: MPT-T\
Arm 2: MPR-RArm 1: 20 mo\
Arm 2: 23 moArm 1: 73%\
Arm 2: 84%Peripheral neuropathy (MPT-T); neutropenia (MPR-R); infection; VTELenalidomide and Dexamethasone-Based RegimensSWOG S0232\
(2010)IIINoN/A85%Induction:\
Arm 1: Lenalidomide; dexamethasone 40 mg\
Arm 2: Placebo; dexamethasone 40 mg\
Maintenance:\
Arm 1: Lenalidomide; dexamethasone 40 mg\
Arm 2: Placebo; dexamethasone 40 mgArm 1: 78%\
Arm 2: 52%Arm 1: 94%\
Arm 2: 88%Neutropenia; VTEE4A03 ECOG\
(2010)IIINoArm 1: 66\
Arm 2: 6591%Arm 1: Lenalidomide; dexamethasone 40 mg daily D1-4, 9--12, and 17--20\
Arm 2: Lenalidomide; dexamethasone 40 mgN/AArm 1: 87%\
Arm 2: 96%Pneumonia; VTEFIRST\
(2014)IIIYes73Arm 1: 77%\
Arm 2: 79%\
Arm 3: 79%Arm 1: Rd (continuous)\
Arm 2: Rd (18 cycles)\
Arm 3: MPTArm 1: 25.5 mo\
Arm 2: 20.7 mo\
Arm 3: 21.2 moArm 1: 70%\
Arm 2: 66%\
Arm 3: 62%Neutropenia; infectionTriplet vs Doublet (2016)IIIYesArm 1: 74\
Arms 2/3: 73Arm 1: 80\
Arm 2: 90\
Arm 3: 90\
\*Median KPSArm 1: MPR\
Arm 2: CPR\
Arm 3: Rd\
\*dosing differed for those \>age 75Arm 1: 24 mo\
Arm 2: 20 mo\
Arm 3: 21 moArm 1: 65%\
Arm 2: 68%\
Arm 3: 58%Neutropenia; infectionRd-R vs Rd\
(2018)IIIYesArm 1: 75\
Arm 2: 76N/AArm 1: Induction: Lenalidomide 25 mg; dexamethasone 20 mg\
Maintenance: Lenalidomide 10 mg\
Arm 2: Lenalidomide 25 mg; dexamethasone 20 mgArm 1: 18.3 mo\
Arm 2: 15.5 moArm 1: 85% at 18 mo\
Arm 2: 81% at 18 moNeutropenia; infections; dermatologic reactionsLenalidomide and Dexamethasone-Based Regimens in Relapsed/Refractory DiseaseRevLite (2017)IIYesArm 1: 69N/AArm 1: Lenalidomide 15 mg; dexamethasone 20 mg\
Arm 2: RD from matched cohort MM-009/MM-010Arm 1: 8.9 mo\
Arm 2: 11 moArm 1: 30.5 mo\
Arm 2: 34.8 moInfection; VTE (RD)Real-world dosing (2017)Retro.\
cohortYes76.573%Lenalidomide: 5--10 mg (66%), 15 mg (20%), 20--25 mg (14%); dexamethasone 20 or 40 mgN/ADose 5--10 mg daily: 38.9 mo\
Dose \>10 mg: not reachedCytopenias; fatigue; rashLenalidomide and Bortezomib-Based RegimensSWOG S0777 (2017)IIINo63Arm 1: 88%\
Arm 2: 84%Arm 1: VRd + Rd maintenance\
Arm 2: RdArm 1: 43 mo\
Arm 2: 30 moArm 1: 75 mo\
Arm 2: 64 moCytopenias; infection; VTE; peripheral neuropathy (VRd)RVD-lite (2018)IIYes7386%Induction:\
Lenalidomide 15 mg; dexamethasone 20 mg;\
bortezomib\
Consolidation: lenalidomide; bortezomib35.1 moNot reachedFatigue; hypo-phosphatemia; neutropeniaLenalidomide and Daratumumab-Based RegimensMAIA (2019)IIIYesArm 1: 73\
Arm 2: 74Arm 1: 82.9%\
Arm 2: 84%Arm 1: Lenalidomide 25 mg; dexamethasone 40 mg (or 20 mg if over age 75); Daratumumab\
Arm 2: Lenalidomide 25 mg; dexamethasone 40 mg (or 20 mg if over age 75)Arm 1: not reached\
Arm 2: 31.9 moArm 1: not reached\
Arm 2: not reachedCytopenias; infection[^2]

Cytopenias {#S0007-S2002}
----------

One of the most common grade 3 or higher toxicities in phase 3 clinical trials were cytopenias, particularly neutropenia and thrombocytopenia.[@CIT0017],[@CIT0020],[@CIT0022],[@CIT0023],[@CIT0034],[@CIT0036] This is most likely to occur within the first several months of treatment with lenalidomide and guidelines provide recommendations on how to best dose-adjust based on the degree of cytopenia.[@CIT0044],[@CIT0045]

Second Primary Malignancies {#S0007-S2003}
---------------------------

Several studies reported an increased risk of developing a second primary malignancy after treatment with lenalidomide in a melphalan-containing regimen or as maintenance post-ASCT.[@CIT0020],[@CIT0025],[@CIT0033],[@CIT0046] A pooled analysis of 11 clinical trials of relapsed multiple myeloma treated with lenalidomide regimens showed an incidence rate of 3.62 with hematologic/solid tumors having an incidence rate of 2.08 (comparable to background incidence). An analysis of MM-009 and MM-010 showed an incidence rate of 3.98; excluding non-melanoma skin cancers, the incidence rate for hematologic/solid cancers was 1.71 on Rd. However, this was compared to 0.91 on placebo/dexamethasone.[@CIT0047] As a consequence, the NCCN guidelines recommend that all patients be counseled on the potential risk of developing second primary malignancies prior to starting lenalidomide.[@CIT0041]

Comprehensive Geriatric Assessment and Frailty {#S0008}
==============================================

While most trials use age as a guide when determining treatment eligibility, doing so may exclude sections of fit, older adults who may benefit from new treatments. A comprehensive geriatric assessment provides the opportunity to evaluate several aspects of older patients' health as chronological age is not necessarily reflective of physiologic age. A comprehensive geriatric assessment includes evaluation of functional status, cognition, fall history, sensation, nutrition, social support, psychosocial status, and medical comorbidities, and can help provide a comprehensive evaluation of the patient.[@CIT0005],[@CIT0048] One approach to operationalizing the heterogeneous health status of older adults with myeloma is the IMWG Frailty score, which incorporates a patient's functional status and comorbidities. The frailty score was developed through a pooled analysis of baseline assessments in 869 newly diagnosed older multiple myeloma patients who participated in phase 3 clinical trials. The median age was 74% and 46% were older than 75. The baseline assessment included the Katz Activity of Daily Living, the Lawton Instrumental Activity of Daily Living, and the Charlson Comorbidity Index. A scoring system was then created using age, medical comorbidities, and functional status. This resulted in three categories of patients: fit (39%), intermediate (31%) and frail (30%), which were significantly associated with OS; at three years, the OS in patients categorized as fit was 84%, 76% in patients categorized as intermediate-fit, and 57% in those categorized as frail.[@CIT0049]

While the IMWG frailty approach has gained much traction, other approaches to characterizing vulnerability in older adults with myeloma have been developed and applied in older adults with multiple myeloma as predictors of toxicity, progression-free and overall survival. These include the Revised Myeloma Comorbidity Index (which incorporates performance status, specific comorbidities, and the frailty phenotype),[@CIT0050] the simplified frailty scale (which comprises age, performances status, and comorbidities),[@CIT0051] and the Myeloma Research Alliance Risk Profile (which includes age, performances status, and International Staging System Stage and utilizes the inflammatory biomarker C-reactive protein).[@CIT0052] The incorporation of assessment of geriatric domains in older patients with multiple myeloma should be considered, as they have the potential to provide better insight into what patients benefit from particular therapies.[@CIT0053]

Evolving Treatment Options for Older Adults {#S0009}
===========================================

Although lenalidomide, either alone or in combination, is a part of the current treatment standard for older adults, the treatment landscape for myeloma is rapidly evolving. It is likely that the role of lenalidomide will continue to evolve as new drugs and combinations demonstrate efficacy in older adults with myeloma, whether it be through novel drug combinations as in the CEPHEUS trial,[@CIT0037] or through lenalidomide-free regimens. The ALCYONE trial showed the efficacy of a lenalidomide-free regimen by using the combination of daratumumab plus bortezomib, melphalan, and prednisone (D-VMP) in newly diagnosed, older multiple myeloma patients. The ALCYONE trial was an open-label, phase 3 RCT that randomized participants to D-VMP or VMP alone. A total of 706 participants were randomized with a median age of 71 in each arm; participants with ECOG 2 were present in both arms (25.7% with daratumumab, 23.6% with VMP). At 18 months, the D- VMP had significantly longer PFS (71.6%) than VMP (50.2%) (HR for disease progression or death 0.5; 95% CI 0.38--0.65; P\<0.001), and the ORR with D-VMP was 90.9% versus 73.9% with VMP (P\<0.001). D-VMP had more grade 3--4 infections (23.1%) than VMP (14.7%), but both arms had similar rates of grade 3--4 cytopenias.[@CIT0054] This regimen was FDA-approved in the United States in May 2018 based on the ALCYONE results.[@CIT0055] Long-term follow-up at 40.1 months showed improved OS with D-VMP compared to VMP (HR for death 0.60, 95% CI 0.46--0.80; p=0·0003) with a 36-month OS rate of 78% (95% CI 73.2--82) versus 67.9% (62·6-72·6), respectively.[@CIT0056] While the results support a viable lenalidomide-free treatment regimen, a direct comparison of this regimen versus lenalidomide-containing regimens has not been conducted.

The focus of this review was specifically on the use of lenalidomide in older patients with multiple myeloma, and as exemplified by the ALCYONE trial, comprehensive treatment algorithms for older adults may not include entirely lenalidomide-based regimens. Lenalidomide may be challenging to administer to patients with cytopenias given its associated toxicity.[@CIT0044] As exemplified in the "real world" studies included here, many older adults are not able to tolerate the full dose of lenalidomide recommended in clinical trials, and dose adjustments are frequently needed.[@CIT0033] A recently published comprehensive treatment algorithm for newly diagnosed older adults with multiple myeloma suggested treatment based on breakdown by IMWG Frailty score. Recommended lenalidomide-based regimens included Dara-Rd and VRd for fit patients; Rd-R, Rd, or vrd-lite for intermediate-fit patients; rd for frail patients. Reductions in lenalidomide dosing are recommended for less fit patients, and there are non-lenalidomide-based regimens included in the algorithm as well.[@CIT0057] Trials to validate an approach using frailty measures to adjust are underway (NCT03720041). Individual patient characteristics, such as the presence of cognitive impairment, which may impact adherence to oral medication, or renal dysfunction, play a significant role when determining the treatment regimen for older adults with multiple myeloma, which emphasizes the need for an individualized approach.

Conclusion {#S0010}
==========

The introduction of lenalidomide significantly shifted the treatment paradigm for multiple myeloma, leading to significant improvements in response rates, PFS and OS in the first-line and relapsed/refractory settings. Lenalidomide's significant activity and manageable toxicity profile has made its use particularly important for older patients with multiple myeloma who are ineligible for ASCT. While many of the key clinical trials for multiple myeloma have not been exclusively performed in older adults, several of the trials highlighted in this review focused on the management of older adults with multiple myeloma. While age and performance status were important markers for most of these trials, incorporation of a comprehensive geriatric assessment could provide a more accurate depiction of this patient population and is an area for future exploration.
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[^1]: **Abbreviations:** VTE, venous thromboembolism; MM, multiple myeloma; LWMH, low weight molecular heparin.

[^2]: **Abbreviations:** N/A, not available; mo, months; ECOG, Eastern Cooperative Oncology Group; KPS, Karnofsky Performance Status; PFS, progression-free survival; OS, overall survival; VTE, venous thromboembolism; M, melphalan, P, prednisone, R, lenalidomide; D, dexamethasone; T, thalidomide; V, bortezomib.
